Induction of insolubility by herpes simplex virus VP22 precludes intercellular trafficking of N-terminal Apoptin-VP22 fusion proteins.
The herpes simplex virus protein VP22 has the intriguing ability to deliver proteins from an expressing cell to neighboring cells. Fusion of VP22 to Apoptin, a protein that induces apoptosis in tumor cells but not in normal cells, might enhance the delivery of Apoptin. To analyze this hypothesis two fusion proteins of VP22 and full-length Apoptin were constructed, namely VP22-VP3 and VP3-VP22, and their apoptosis-inducing ability and intercellular spreading behavior were analyzed by transfection in tumor cells. While both of the Apoptin-VP22 fusion proteins retained the capacity to kill tumor cells, neither of them showed intercellular trafficking. To determine whether the presence of a nuclear localization signal in the C-terminus of Apoptin caused nuclear retention of the fusion protein and the subsequent lack of intercellular spreading, VP22 was fused to the biologically active N-terminal part (residues 1-69) of Apoptin (VP3n), which lacks the nuclear localization signal. However, analysis of the VP3n-VP22 fusion constructs gave no evidence of intercellular transport. A more careful inspection of different fractions of cell lysates expressing Apoptin with or without fusion to VP22 revealed that both the full-length Apoptin protein and its fusion with VP22 are insoluble. Despite the fact that VP3n was found to be soluble on its own, which could make it amenable to transport by VP22, the VP3n-VP22 fusion proteins were present exclusively in the insoluble fraction. We hypothesize that the N-terminal multimerization domain of Apoptin cooperates with VP22 to facilitate aggregation with cellular proteins, thereby inducing insolubility. From these results we conclude that, depending on the fusion partner, VP22 can have a negative effect on the solubility of fusion proteins, which consequently precludes intercellular trafficking. Such properties should be taken into account when establishing new VP22-mediated protein transduction systems.